We have identified Zkrml2, a novel homologue of the segmentation gene Krml/val in zebrafish (Danio rerio). Zkrml2 shows 72% and 92% identity in its basic leucine zipper domain with mouse Krml1 and zebrafish val, respectively. Zkrml2 is expressed coincident with MyoD throughout the somites starting at the three somite stage, becomes restricted to the dermomyotome, and subsequently disappears. Transient expression is also detected in the reticulospinal and oculomotor neurons. Zkrml2 maps to the Oregon linkage group 11 (Boston Linkage group 14) with no mapped zebrafish mutations nearby.
Introduction
The majority of vertebrate segmentation genes have been identified by their homology to patterning genes from invertebrates. An exception is the mouse (Mus musculus) segmentation gene Krml1, which was identified as the gene affected in the mouse kreisler (kr) mutation (Cordes and Barsh, 1994) . Krml1 belongs to the Maf subfamily of basic domain leucine zipper (bzip) transcription factors (for review see @Blank and Andrews, 1997). It is essential for formation of posterior hindbrain segments (rhombomeres), and regulates expression of some Hox genes directly (Manzanares et al., 1997) . Krml1 is phylogenetically conserved between mouse and zebrafish (Moens et al., 1998) . Mutations in the zebrafish (Danio rerio) orthologue of Krm1l are responsible for the valentino (val) mutation. Hence, the zebrafish orthologue of Krml1 is referred to as val. Zebrafish embryos homozygous for val mutations show a disruption of hindbrain patterning equivalent to that of kr/ kr mouse embryos.
Results
Since members of patterning gene families often play similar roles at different axial levels, other Krml1/val homologues may be important for embryonic segmentation. However, cmaf, nrl, and L-maf, the known homologues of Krml1/val, are not expressed in a segmental fashion (Liu et al., 1995; Sakai et al., 1997; Cordes, unpublished data) , and have been implicated primarily in cellular differentiation (Ogino and Yasuda, 1998) . To determine if novel homologues of Krml1/val are expressed segmentally in the hindbrain or the trunk, we used low stringency hybridization to identify cDNAs homologous to Krml1/val present in neurulation stage zebrafish embryos. We identified a novel relative of Krml1/val,. Zkrml2, which shows 42% overall amino acid identity with mouse Krml1 and 53% identity with zebrafish val. DNA binding and leucine zipper domains show 84% amino acid identity with val and 67% with mouse Krml1 (Fig. 1) . We identified an additional cDNA Z-cmaf, which by virtue of its sequence homology and expression pattern represents the zebrafish orthologue of cmaf.
Zkrml2 expression is first observed in all somites of three somite stage zebrafish embryos (11 hpf) (Fig. 2) . Zkrml2 is expressed in all somites until 18 hpf, when its expression is down-regulated and ultimately extinguished in the most mature, anterior somites. Zkrml2 expression extends throughout early epithelialized somites. No Zkrml2 expression is detected in cells migrating from the somites. During early somitogenesis Zkrml2 expression overlaps with that of MyoD in somites from equi-staged embryos exactly (Weinberg et al., 1996) . However, in older somites Zkrml2 expression is restricted to the lateral dermomyotome, a subdomain of MyoD expression. Such dynamic restriction of expression is similar to val expression, which initially extends throughout r5 and r6 and becomes restricted to r6.
Zkrml2 is expressed in the reticulospinal neurons transiently between 24 and 26 hpf. Reticulospinal neurons occur in a single cluster in the midbrain and in a set of seven clusters along the hindbrain. As all of these neurons have growing axons by 20 hpf, Zkrml2 may be important for their differentiation but not their specification. Unlike val, Zkrml2 is not expressed in the Mauthner neuron (Moens et al., 1998) . By 24 hpf Zkrml2 expression is also observed in the developing oculomotor nerve (Fig. 3) . Expression in the oculomotor nerve persists as late as 72 hpf. Low Zkrml2 expression is detected consistently in a few cells in the lens and a few unidentified cells in the head. No other domains of Zkrml2 expression were observed up to 72 hpf.
To examine if any zebrafish mutants generated in the large scale mutagenesis screens might be caused by mutations in Zkrml2, we determined the genetic map position of Zkrml2 (Driever et al., 1996; Haffter et al., 1996) . Using Zkrml2 as a probe, we identified an AccI restriction fragment length polymorphism (RFLP) between the Tübingen (Tu) and WIK strains and scored its segregation into 30 F 2 individuals of a Tu × WIK reference cross. Zkrml2 co-segregated with z1393, z4190 and z4353, three SSLP markers located on linkage group 11 (Knapik et al., 1998) . Zkrml2 maps 10.1 cM (LOD 4.3) from z4353, 5.8 cM (LOD 6.4) from z4190, and 5.8 cM (LOD 6.4) from z1393. As all the F 2 individuals that recombined between Zkrml2 and z4353 did not recombine with z4190 and vice versa, Zkrml2 maps between z4353 and z4190. All individuals that recombined with z4190 also recombined with z1393. None of 150 muta- Fig. 1 . Comparison of amino acid sequences of zebrafish Zkrml2 and val, mouse Krml1 and cmaf. -denotes amino acid residues identical to those in Zkrml2; denotes amino acid residues absent. tions mapped so far is located near Zkrml2. Because the genetic map position of most mutations remains to be determined, a yet unmapped mutant, which affects somite formation or shows low or no motility and reduced muscle striation, may be caused by mutations in Zkrml2 . We were unable to determine the genetic map position of Z-cmaf, because Z-cmaf did not show linkage to any SSLP markers. The increasing density of molecular markers on the genetic map should allow future localization of the Z-cmaf.
Experimental procedures

Isolation of the z-cmaf and zkrml2 genes
One partial Zkrml2 and two overlapping Z-cmaf cDNAs were recovered after hybridization of mouse Krml1 (nt 745-1137) to 1.5 × 10 6 pfu from a neurula stage zebrafish library at 37ºC. The remaining 250 bp of predicted 5′ coding sequence for Zkrml2 was determined by sequencing a 3.9 kb NotI-HindIII fragment recovered from a genomic zebrafish library. The GenBank accession numbers for Zkrml2 and Z-cmaf are AF109780 and AF109781, respectively.
RNA in situ hybridizations were performed using a 650 bp partial cDNA clone containing the 3′-UTR of Zkrml2 and the MyoD probe previously described (Weinberg et al.) as described by Oxtoby and Jowett (1993) . For histological sections embryos were post-fixed in 4% paraformaldehyde for one hour, embedded by standard procedures and 50 mm sections were cut with a Leica wild vibratome.
The reference cross used to determine the map position of Zkrml2 was generated by breeding a female fish from the inbred Tübingen strain to a male from the inbred Wik strain. One pair of F 1 fish was selected to produce 30 F 2 progeny and DNA from each fish prepared and SSLP markers described by Knapik et al. (1998) were used to genotype animals by PCR analysis. AccI polymorphisms present in the 3′-UTR of Zkrml2 and Z-cmaf were used to map these genes. Fig. 3 . Zkrml2 is transiently expressed in reticulospinal neurons and the oculomotor nerve. (A) Shown here is Zkrml2 expression is in reticulospinal neurons, which are adjacent to the otic vesicle and originate in r5 and r6, in 24 hpf embryos. At (B) 24 hpf and (C) 72 hpf Zkrml2 expression is detected in the oculomotor nerve, and in a few cells in the lens and head of 24 hpf embryos (B). At 24 hpf an arc of pigment surrounds the eye. Sites of Zkrml2 expression are marked with arrows. OV, otic vesicle; OM, oculomotor nerve. The anterior of the embryos is facing right.
